Abstract: At present, the New Common Agricultural Policy for the period 2021-2027 has been currently formulated. Future of the agriculture and food industry is now widely discussed. These sectors play an important role, and it is necessary to maintain their competitiveness and sustainability. In this context, the main aim of the paper is to evaluate the technical efficiency of food processing firms by using Stochastic Frontier Analysis applying True Fixed Effect model on production function. It was identified, that increase of subsidies cause a slight increase in the mean of technical inefficiency. Also, the technical efficiency of the firms without subsidies is higher than in the subsidised firms and differs statistically significantly in the time and also with respect to the region of the firm. To summarise, the effect of subsidies is negative as the obtaining of the subsidies is not related to higher technical efficiency.
In the Czech Republic (CR), food and drink industry belong to key sectors of the manufacturing industry. Long-term issue of this industry is lower labour productivity than the average in the European Union (EU). Lower labour productivity is in the bakery and meat industry (Ministry of Agriculture 2017). They are the key drivers of food industry according to their share in sales, enterprises and employees. There is also a long-term decrease in the number of workers, and they are rewarded by low wages which further reduces their attractiveness. According to Vokoun et al. (2015) , Czech and Slovak food industry is capable to react to changes relatively quickly and are stable, thanks to the medium, and large companies.
According to the current situation stated above, one way to solve this unfavourable issue can be investments and innovations. According to Skuras et al. (2006) , investment subsidies are a major instrument of industrial and regional policy for economically developed countries all over the world.
To improve the situation, food industry enterprises in the CR can also draw EU or national funds. These enterprises were supported by Rural Development Programme 2007-2013 (RDP) from measure I.1.3 Adding value to agricultural and food products. From current RDP 2014-2020 enterprises can apply for grants mainly from the operation 4.2.1 Support for investments in processing/marketing and/or development of agricultural products. Supports are aimed at small and medium enterprises. Together with support from the Ministry of Agriculture (MoA), national subsidies (title 13 Support for processing of agricultural products and increasing competitiveness) they are the main source of grants. However, only larger enterprises can be supported by national subsidies. This aids can be drawn by enterprises which produce certain types of listed products and whose production and processing fall within the scope of the Common Agricultural and Fisheries Policy of Annex I of the Treaty on the Functioning of the EU. Most of these are products with a direct link to agriculture. Enterprises with production and processing which is not stated in this document can obtain funds from operational programmes of Ministry of Industry and Trade (Op- According to Minviel and De Wite (2017) , subsidy efficiency nexus is a crucial research question for agricultural policy makers and can provide information on the influence of public subsidies and the optimal use of production factors. Only a few papers dealing with the efficiency of the food industry in Europe can be found (Keramidou et al. 2011; Čechura and Hockmann 2010) .
Different effects of subsidies on technical efficiency can be found. The empirical studies differ not only in the context of the study (country, period, and types of farms) but also in the data used (number of farms, cross-sectional or panel data) and in the methodology employed (Minviel and Latruffe 2017) . Some authors evaluated the effects of capital subsidies on factors' productivity and firm performance as questionable (Skuras et al. 2006 ). According to Minviel and Latruffe (2017) , public subsidies are commonly negatively associated with farm technical efficiency. It can be related to the income guarantee by subsidies (Zhu and Oude Lansink 2010) . Dimara et al. (2008) found that high technical efficiency increases. Developments in innovations in the food sector and competition policy are likely to affect technical and scale efficiency. Rudinskaya and Náglová (2018) indicated a positive impact of subsidies on meat processors efficiency in the Czech Republic. Náglová (2018) found that subsidies in the meat sector did not contribute to increasing business performance. Also, other studies that dealt with the technical efficiency in Czech agriculture such as Pechrová and Vlašicová (2013) or Pechrová (2015) found a decreasing effect of subsidies on technical inefficiency.
In the Czech agrarian sector, technical inefficiency is a significant phenomenon. The supports and policy tools should be sector-specific because the food industries differ from each other (Čechura and Hockmann 2010) . Čechura and Malá (2014) denoted a dissimilarity between the analysed sectors and countries. Technical efficiency was high in all analysed sectors and higher in the Czech Republic than in the Slovak Republic. Čechura and Hockmann (2010) results suggest that serious adjustment problems exist, including problems on the capital market. The scale effect was identified to be relatively small in food processing.
The aim of the paper is to evaluate the technical efficiency of food processing firms and to assess whether this efficiency differs between supported and non-supported firms by subsidies. The differences in efficiency with respect to the year of drawing and region are also done.
MATERIAL AND METHODS

Data
The data were mainly obtained from the Albertina database (Albertina Database 2018). In this database, there are stated financial statements and other additional indicators. The data were selected according to the sectors (CZ-NACE), particularly CZ-NACE 10 Manufacturing of food products and CZ-NACE 11 Manufacturing of beverages. We created the unbalanced panel data set for the period of 2007-2016. To mitigate the influence of the price changes, the data were adjusted by price indexes. We gain a sample of 708 enterprises. As the sample was not balanced -there were between 3 to 10 observations (8.4 on average) per each firm forming altogether 5 918 observations. Statistical description of the variables is displayed in Table 1 .
Information about the subsidies was obtained from the database of the Ministry of Agriculture (RDP), measure I.1.3. Adding value to agricultural and food products which was valid in 2007-2013, but some subsidies were refunded after this date. Second subsidies source was obtained from the database of the Ministry of Industry and Trade (MIT), where are all refunded subsidies from the year 2007. This data was specially provided for this purpose, they are unpublished. This information was linked to the Albertina database. There were 724 observations with subsidies either from MIT or RDP. 253 companies got subsidies from MIT and 474 from RDP. The average height of the subsidy was approximatelly 225 thousand EUR (we used the average exchange rate of Czech Central National Bank (CNB) -for years [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] . The number of subsidised firms and the number of supported firms varied in time (Figure 1 ). It was tested whether the technical efficiency statistically significantly differs between the years. As the distribution of technical efficiency was not supposed to be normal (which was proved by Shapiro-Wilk normality test), we chose the nonparametric Kruskal-Wallis equality-of-populations rank test between the supported and non-supported group. We applied a non-parametric Wilcoxon rank-https://doi.org/10.17221/234/2018-AGRICECON sum test (the non-parametric equivalent of MannWhitney test). The null hypothesis was H 0 : there are no statistically significant differences in the mean of the two samples, alternative hypothesis H A expressed the opposite.
The data set was also divided according to the region of the firm, and it was tested by Kruskal-Wallis test whether the mean of technical efficiency also differs by this criterion. Consequently, it was also analysed, whether the technical efficiency is statistically different within one region between supported and nonsupported firms. We used again Wilcoxon rank-sum test. Figure 2 shows the number of supported firms and non-supported firms and average subsidy.
Methods
Technical efficiency refers to the ability of a decisionmaking unit (usually a firm) to minimise input used in the production of a given output vector, or the ability to obtain maximum output from a given input vector (Kumbhakar and Lovell 2003) . "Consequently, a firm is fully technically efficient if it produces the maximum possible output from a fixed level of inputs (output orientation), or if it uses the minimum possible input to produce a given level of output (input orientation)" (Setiawan et al. 2012 ). In our case, the technical efficiency of the holdings was assessed by stochastic frontier analysis (SFA) based on the production function. The firms that are lying on the production function are 100% efficient, while those under this frontier are inefficient. One of the key assumptions in benchmarking the efficiency of firms is that they are homogeneous. Therefore, as proclaimed by Le et al. (2018) , "the comparison of the efficiency of firms operating under different technologies can be problematic". However, we compare food and beverages manufacturers in the Czech Republic, where the main position has three branches, and they may have relatively similar technology, and we can assume homogeneity of some degree.
The production was expressed by the total revenues from own products and services in thousand EUR. As we used data for a long period, the effect of inflation was mitigated by the deflation of the revenues by the price index (2015 = 100) of food products, beverages and tobacco (CZSO 2018). Company's production (y it -output) is represented by the revenues from own products and services. The explanatory variables were: x 1,it -fixed assets (thousand EUR) x 2,it -current assets (thousand EUR) x 3,it -equity (thousand EUR) x 4,it -foreign sources (thousand EUR) x 5 it -number of employees Subscript i (i = 1, 2, ..., N), where N is total number of firms, represents particular firm and t (t = 1, 2, ... , T) stays for a period for which are available company's observations.
We constructed true fixed effects model as proposed by Greene (2002) 
where β 1 , ..., β 5 are coefficients of explanatory variables, u it represents technical inefficiency of particular firm i in time t (u it ≥ 0), and v it is pure stochastic noise (idiosyncratic error component). Cobb-Douglas (power) function has the advantage that the coefficients can be interpreted as a percentage change of the variables and the sum of the coefficients express the type of returns to scale. When the sum is lower than 1, the firms exhibit decreasing returns to scale, when it equals to 1, there are constant returns to scale present, and when it is larger than 1, there are increasing returns to scale. 
The mean of the technical inefficiency µ expresses the heterogeneity among firms and the variance of inefficiency 2 σ u the heteroscedasticity. This heterogeneity of inefficiency term was explained by the constant and by the total amount of subsidies (Equation 5).
where δ 0 is a constant and δ 1 is a parameter of variable z 1,it that represents the subsidies. Where there were no subsidies obtained by a firm a small number was used as zero (10e -5 ). The model was estimated using the maximum likelihood method. Then the technical efficiency of each firm was estimated using JLMS estimate of technical efficiency (Jondrow et al. 1982) where the efficiency is estimated as exp [-E(u|e) ]. The calculations were done in econometric software StataIC version 15.
RESULTS AND DISCUSSION
The results of true fixed-effects model (with the truncated-normal distribution of the mean of the technical inefficiency) are displayed in Table 2 . The model was statistically significant at 5% level. All explanatory variables were also statistically significant and according to the expectations. If the fixed assets increase by 1%, the production (revenues from own products and services) increase by 0.16%. If current assets increase by 1%, the production increases by 0.23%. The increase of equity and liabilities by 1% brings an increase in production by 0.19% and 0.22% respectively. Finally, the increase in the number of employees by 1% brings an increase inproduction of 0.21%. Production is influenced the most by the changes in current assets and then by the changes in liabilities. On the opposite, Skuras et al. (2006) found in food and beverage manufacturing firms, that assets have a non-significant effect on technical efficiency. According to Minviel and Latruffe (2017) , subsidies should primarily aim at increasing production, supporting firms' incomes and not explicitly at improving technical efficiency. The sum of coefficients is higher than 1 (1.03) that indicates mild returns to scale in this sample. Mild increasing scale effect was also identified by Čechura and Hockmann (2010) . The mean of inefficiency was explained beside constants also by the amount of subsidies (z 1,it ). The increase of subsidies causes a slight increase in the mean of technical inefficiency. The variance of technical inefficiency was explained only by a constant (as we supposed that the term is homoscedastic). Similarly, we supposed that variance of the stochastic term is also homoscedastic and hence was also explained only by a constant. This negative relation was also found by Minviel and Latruffe (2017) or Čechura and Hockmann (2010) .
Technical efficiency of supported and non-supported companies
Consequently, the technical efficiency was estimated using JLMS estimator. The descriptive statistics are displayed in Table 3 . The efficiency ranged between 0 and 1 (there were 708 companies 100% efficient that were composing the stochastic frontiers). Average technical efficiency was 65.64%. A similar study in the food industry was done by Čechura et al. (2014) , but they found higher technical efficiency (average is 84%).
Skewness and kurtosis of the technical efficiency show that the distribution is not normal. It is also proved by the histogram of technical efficiency (Figure 3) , where it can be seen that the highest percentage of companies is close to 100% efficiency. Shapiro-Wilk test also confirmed that the distribution of technical efficiency was not normal.
It was tested by Wilcoxon rank-sum test whether there are statistically significant differences in technical efficiency between subsidised and non-subsidised firms. The technical efficiency of the firms without subsidies was 65.92%, the subsidised firms were efficient only from 63.65%. The test showed that the differences are statistically significant (probability that their means are equal is only 0.01) ( Table 4) . According to Martin and Page (1983) , it may result from income stabilisation, that may distort incentives to produce efficiently. Their activities may be reduced if a larger part of their income is guaranteed by subsidisation. Subsidisation may enable firms to smooth their wealth without adopting efficient production strategies. On the other hand, subsidies may help overcome financial constraints that impede efficient restructuring or modernisation, and thus may increase technical efficiency by improving the firm's productive capacity through replacement investment in advanced technologies (Zhu and Oude Lansink 2010) . 
Development of technical efficiency of supported and non-supported companies
Further, the technical efficiency in different years was estimated (Figure 4) . It can be seen that the companies were surprisingly the most technically efficient on average in the year 2008 when the economic crisis began. Due to low capital intensity in sectors, processors requested to support small investment at the beginning of programme (on average 72.5 million EUR). There is a clear drop afterwards, as the technical efficiency decreased on average 61.35% in 2009 and on 59.21% in the year after. In these years of full crisis, manufacturers did not have to realise their products at reasonable prices and/or production had to be reduced. Another disadvantage is that the food industry is bound on agricultural raw material. According to Martin and Page (1983) , if subsidies have the effect of decreasing technical efficiency, this may lead to the question of whether a more effective way of supporting might exist. Čechura and Hockmann (2010) recommended with respect to the market position and the role in the value chain to support also vertical integration and intensive marketing in food processing.
The situation started to get better after that, and the average technical efficiency was 69.56% in 2014, but the development turned down again in 2015 (the efficiency was 64.71%). The development of nonsupported firms, in general, follows the mean of the whole sample. On the other hand, the efficiency of supported firms was lower in 2011 and since 2013 , 2009 and 2012 , those companies were achieving higher efficiency of their production than non-supported firms. Subsidies have helped businesses to deal with, respectively to stabilise their economic situation during the financial crisis.
It was also tested whether the average technical efficiency statistically significantly differs in time.
Results of the Kruskal-Wallis tests show, that the probability that technical efficiency is the same during the time (almost zero). Hence, there are statistically significant differences between technical efficiency in time at 5% level of significance.
Consequently, we tested for each year (with the exception of 2007 where there was no supported firm) whether there are statistically significant differences between supported and non-supported firms in technical efficiency. There were no statistically significant differences between these groups in the However, it might also be because in other years there are only a few supported companies in comparison with non-supported and as a consequence, the difference cannot be proved statistically.
Technical efficiency of supported and nonsupported companies in regions
We examined the companies according to the region where they are based. Which is also one of the important criterion (Key et al. 2008) . First, the differences in average technical efficiency were tested. Kruskal-Wallis test revealed that technical efficiency in regions statistically significantly differs. The highest was in Královéhradecký region (71.26%) and the lowest in Moravskoslezský region (60.75%). In some regions, the non-supported firms were more efficient than supported, but only in Olomoucký and Zlínský region were statistically significant differences at 10% level of significance. This was proved by Wilcoxon ranksum test. Otherwise, we cannot make a conclusion as there might be only a few supported companies in the region and the results cannot be statistically tested. Results are displayed in Table 5 .
CONCLUSION
The paper dealt with the technical efficiency of food and beverage industry companies in the Czech Republic. This issue gains importance in the context of creating a new form of Common Agricultural Policy for the period 2020-2027, it is an actual topic. The main aim of the paper was to evaluate the technical efficiency of food processing firms. The technical efficiency of the holdings was assessed by Stochastic Frontier Analysis.
The true fixed-effect model was statistically significant at 5% level. All explanatory variables (fixed assets, current assets, equity, foreign sources and number of employees) were statistically significant and caused the increase of production. It was also identified, that increase of subsidies cause a slight increase in the mean of technical inefficiency.
Average technical efficiency was 65.64%. The technical efficiency of the firms without subsidies was 65.92%, the subsidised firms were efficient from 63.65%. The development of technical efficiency of supported companies can be considered as unstable and in some years also lower than the average. Technical efficiency of supported and non-supported firms differs statistically significantly also in the time. We examined the companies according to the region where they are based. Technical efficiency in some regions statistically significantly differs. Our study has comparable results with other Czech authors analysing this issue. In this field, it is necessary to go more deeply and embroider the real problems. So, the next part of this research will be the evaluation of technical efficiency in different branches and firm sizes of the food industry, it should be beneficial to the policymakers to define the direction of new CAP.
